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Introduction

Falls and frailty share many significant character-
istics. Both are important health issues that affect
older people, increase with increasing patient age
and are multifactorial phenomena associated with
adverse health outcomes. There are also important
differences. Falls tend to be viewed by health pro-
fessionals from a positivist perspective, as predict-
able events which they have a duty to try and
prevent.1 Falls prevention has become an import-
ant target of United Kingdom national health
policy2 and the focus of dedicated service devel-
opment. Frailty, on the other hand, still lacks a
precise definition3 and is viewed by some as an
inevitable consequence of age{related disease pro-
cesses.4 The prevention and treatment of frailty,
while being fundamental aspirations of many
researchers in the ageing field, currently remain
enigmatic.

One construct for understanding frailty concep-
tualizes the frail older person as a complex system
on the threshold of breakdown.5 In this context,
falls are more than just antecedents or associates of
frailty but are a manifestation of complex system
failure.6 When complex systems fail they exhibit
predictable patterns of behaviour and this can
shed light on the reason why falls are frequently
the ‘atypical’ presentation of illness in frail older
adults.

In this review, the association between frailty
and falls is explored. We consider how the concep-
tualization of frailty as a complex system failure
might help us understand existing evidence re-
garding the aetiology and prevention of falls and,
most importantly, how it might impact our clinical
practice.

Frailty and geriatric syndromes

Falls, along with weight loss, incontinence, confu-
sion and failure to thrive, were described by Pro-
fessor Isaacs in the 1960s as ‘geriatric giants’ 7 and
are now termed ‘geriatric syndromes’. Geriatric
syndromes have been defined as ‘multifactorial
health conditions that occur [due to] accumulated
impairments in multiple systems’.8 Their high
prevalence has rendered ‘atypical diseases’ a mis-
nomer. More than half the older people in one
series presented with clinical symptoms and signs
which did not directly correspond with their patho-
logical disease process.9 Older people defined as
frail because of functional limitations were more
likely to present with any geriatric syndrome10 and
there is now increasing evidence linking frailty
specifically to falls.

In a large study of 6724 community{dwelling
older women, frailty was an independent predic-
tor of falls.11 Among 111 men and women aged
over 75 years, those defined as frail were 3.6 times
as likely to fall as non{frail adults,12 and frailty,
measured by a lower Barthel score one month
prior to hospital admission, significantly and inde-
pendently predicted falls on a geriatric medicine
rehabilitation unit.13

These studies have used different definitions of
frailty. A consensus seems to have been reached in
recent years that frail older people have decreased
physiological reserves resulting in increased
vulnerability to stressors.14 However, how to char-
acterize frailty in clinical practice remains contro-
versial3 and its measurement is an area of ongoing
debate.

One construct for understanding frailty concep-
tualizes the frail older person as a complex system
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on the threshold of breakdown.5 The following
sections explore the nature of complex systems
and consider why falls may be a manifestation of
complex system failure.

Characteristics of complex
systems

The strength of a functioning complex system
(whether biological, mechanical, political, etc.)
rests in its inherent ability to withstand stresses
because of the presence of multiple defences. As a
result of these defences, failure of a complex sys-
tem is rarely the result of a single cause but is the
cumulative effect of many small insults, each of
which may appear to be harmless on its own.15 The
road to failure is not abrupt because a complex
system has many redundancies and as long as its
reserves are not critically compromised, failing
components can be replaced or circumvented and
the deteriorating system may appear to function
normally for some time despite the presence of
defects. When system failure does occur, each
small stressor that contributes to the breakdown is
necessary but not sufficient to cause the failure on
its own. The first processes to be compromised in
the event of failure are typically higher{order
functions, because they require a coordinated,
integrated and precise interaction between many
components of the complex system. In humans,
such higher order functions include bipedal ambu-
lation16 and advanced cognitive processes such as
divided attention.5

Both young and old people can be thought of as
complex biological systems that are subject to vari-
ous minor stresses. The distinguishing character-
istic of the frail older person, however, is that the
functions of many processes are already on the
brink of failure so that any small stress is of more
clinical significance in these individuals.17

Falling as a manifestation of
complex system failure

Aetiology of falls

If we think about falling as a manifestation of
complex system failure, it is easy to appreciate why
falls in frail older people can be caused by
any number of diverse precipitants. It has long
been recognized that falls generally result from

multiple, often inter{acting, factors. The British
Geriatrics Society,18 American Geriatrics Society,19

Australian Commission on Safety and Quality in
Health Care20 and National Institute for Health
and Clinical Excellence21 have each issued guide-
lines on the management of falls which emphasize
their multifactorial aetiology. Systematic reviews
on falls prevention22 or assessment23,24 are under-
pinned by the attribution of falls to multiple inter-
acting factors rather than one identifiable cause.

Yet some falls in older adults may result from a
single cause. A prospective study of community{

dwelling adults aged 70 years and older found that
falls could be attributed to major external events in
15% of cases and to other single causes such as
syncope or established neurological disease in a
further 20%.25 However, even the ‘single cause’
approach to falling may not be as straightforward
as it appears. Syncope, for instance, is often quoted
as an isolated cause of falls in the elderly but loss of
consciousness may be the result of deteriorating
function in several systems (e.g. cardiovascular,
haematological and respiratory) in addition to
defects in cerebral arterial circulation.17,26 There-
fore, it is reasonable to conclude that a substantial
number of falls attributed to a single cause such as
syncope may in reality arise from the interplay of
various causal factors. This is consistent with the
principle that complex system failure is usu-
ally due to the cumulative onslaught of several
stressors.

Risk factors for falls

Older people who fall often have a profile of risk
factors. Again, this is well{described in existing
falls literature.18–24 When considering risk factors
it is important to keep in mind that while a particu-
lar parameter may be statistically associated with a
higher risk of falling it is not always the direct
cause of the fall. Instead, some risk factors (e.g. the
use of an assistive device) may be markers of
another serious problem (e.g. mobility deficit) that
is causally associated with falling. In bivariate
analysis hundreds of factors have been found to be
statistically associated with falls in older adults but
most are highly inter{related. The few parameters
that have repeatedly been identified as indepen-
dent predictors of falls in multivariate analysis
include muscle strength of lower extremities, pos-
tural competence/lateral balance, impaired vision,
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cognitive impairment and taking more than four
medications or particular groups of drugs.19 Poly-
medication is itself an indication of deficits across
multiple physiologic systems and paints a vivid
picture of a complex system that is on the threshold
of breakdown.

A recent systematic review of 18 prospective
cohort studies on falls risk factors identifiable dur-
ing a clinical exam reported that the most consist-
ent independent predictors of future falls in older
adults were gait or balance deficits.27

The importance of balance

The prediction of falls in older people by abnor-
malities in gait and balance is consistent with the
paradigm of complex system failure when we re-
flect on all that is involved in bipedal ambulation.
Walking on two legs is not exceptional to humans
(birds and some lizards do it too) but the complex-
ity of this task, the kinematic features of our gait,
and its dependence on central nervous system con-
trol makes human bipedalism unique and distinct
from that found in animals.28 Normal ambulation
in people requires the coordination of many differ-
ent muscles acting on multiple joints and is accom-
plished by the integration of activity in spinal
neuronal circuitries with sensory feedback signals
and with descending commands from the motor
cortex.28 The central nervous system coordinates
this activity, adjusts it to fit environmental con-
ditions, and refines it when required, all the while
maintaining a remarkable degree of precision. For
example, the position of the human foot during
normal walking depends on the coordination of
five joints and 15 muscles acting on the knee joint
alone and yet with every step the foot is elevated
by only 1–2 cm above the ground and its position
varies by less than 4 mm.29 The computational task
solved by the human brain to accomplish this feat
is extraordinary given the infinite number of com-
binations of joint and muscle positions that have to
be attuned relative to each other to arrive at the
desired outcome. Bipedalism is indeed a higher
order function that requires a significant degree
of connectivity and coordination between several
interdependent components (muscular, skeletal
and nervous) of the complex system that is the
human body. Consequently, it should not be sur-
prising that frail individuals who may have gait
and balance deficits and who have lost the ability

to integrate multiple inputs in the face of stress
often present with falls.6

Fall and divided attention

The ability to stay upright while walking is not the
only higher{order function that is compromised in
frail individuals who are on the brink of failure.
One group that studied fall prevention in nursing
home residents reported that falls were often
multitasking incidents during which a resident fell
because of difficulty walking while performing
another task.30 Divided attention (the ability to
process multiple stimuli or engage in several ac-
tivities at once) is an executive cognitive process
that requires integration of sensory input with the
activity of many cortical networks. Maintaining
balance while being confronted with a cognitive
task is challenging even for young, healthy sub-
jects, and multitasking has been shown to increase
the incidence of falls in this population.31 It is
therefore not surprising that a frail individual with
decline in multiple physiological systems may be
unable to maintain advanced cortical functions
such as divided attention in the face of even mini-
mal external demand. This lack of reserve to cope
with environmental exigencies is a common theme
in the patterns of falls observed in frail nursing
home residents. Falls often occur in the presence of
external stress when a frail older person cannot
rely on physical features in the surroundings to
compensate for their own functional deficits (e.g. a
patient with a balance deficit has nothing to hold
onto in an open space). Examining this finding in
light of complex system theory can shed further
light on the causes of falls. One of the unique
features of complex systems is their ability to
maintain stability and order in the face of stress.32

This of course depends on the overall state of the
complex system, because even a small perturba-
tion may have catastrophic effects on a malfunc-
tioning system.33 Against this background, falling
can be viewed as a perceptible marker of failure of
a complex system that was already in a dangerous
state of vulnerability prior to the application of a
stressor that pushed it over the edge.

Implications for clinical management of
falls

Falling should be recognized as a macrostate indi-
cator of complex system failure rather than a
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specific disorder of particular organs (such as the
brain or heart). This is congruent with existing
clinical guidelines that falls require multifaceted
assessment and holistic management.18–21 Yet
valuable time and resources are still often spent
identifying the cause of a non{syncopal fall in a
frail elderly patient, leading clinicians to embark
on a journey of endless investigations for inciden-
tal findings.5 If falling in the frail is truly a manifes-
tation of complex system failure then searching for
the cause of the incident is futile since this single
cause does not exist. After all, failure of a complex
system is the cumulative effect of multiple faults
and it is only the intricate linking of these detri-
mental processes that leads to the overt collapse of
the system. Focusing clinical management on sin-
gle problems will not work when trying to salvage
the vital functions of a failing complex system.

The concept of complex systems failure has
implications for the prevention as well as the in-
vestigation of falls. Systematic reviews and meta{

analyses evaluating the effectiveness of interventions
to reduce falls in older people have reached con-
flicting conclusions. Multifactorial fall{prevention
programmes for community{dwelling older people
are reported to have limited effectiveness34 or en-
dorsed as beneficial.35 Review of drugs, systematic
risk factor screening and exercise are highlighted
as important components of these programmes.35

Indeed, it has recently been argued that exercise
alone prevents falls in older people, with the great-
est relative effect size in programmes that challenge
balance.36 In this context, exercise is a single but not
simple intervention. Exercise has effects across
many different cells and tissues and as such has
been characterized as a pleiotropic strategy.37 This
evidence therefore supports the conceptualization
of falls as a complex system failure: only complex
and multifaceted interventions, if any, are effective.

Evidence regarding hospitalized older people
gives further food for thought. Within the last two
years, meta{analyses of the prevention of falls in
older inpatients have concluded that multifaceted
interventions reduce the number of falls38 or that
there is no evidence that any hospital programmes
reduce falls or numbers of fallers.39 Perhaps in
frailer older people the functions of so many pro-
cesses are on the brink of failure that even multi-
factorial interventions cannot restore normal
functioning. Any small stressor continues to pre-
cipitate falls in these individuals.

Conclusion

There is a growing body of evidence enmeshing
falls and frailty. This poses logistical and theoreti-
cal challenges for the effective management of falls
in older people. The conceptualization of falls as
a sentinel expression of the failure of a complex
system helps us understand why even multifac-
torial falls prevention programmes are sometimes
ineffective. This should not be considered justifica-
tion for investigative or therapeutic nihilism but
rather should stimulate further research into the
aetiology and manifestations of frailty. The identi-
fication of levels of frailty at which interventions
have optimal benefit, and the clear description
of this frailty status in a uniformly understood
language, is a tantalizing research goal.
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